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FOREWORD 


The P rospect of undertaking a reusable launch vehicle development led the NASA 
Office of Manned Space Flight (OMSF) to request the Office of Advanced Research and 
Technology (OART) to organize and direct a program to develop the technology that 
would aid in selecting the best system alternatives and that would support the ultimate 
development of an earth -to -orb it shuttle. Such a Space Transportation System Tech- 
nology Program has been Initiated. 0ART_,_0MSF, and NASA Flight and Research 
Centers with the considerable inputs of Department of Defense personnel have generatecL 
the program through the efforts of several Technology Working Groups and a Technology 
Steering Group . Funding and management of the recommended efforts is being accom.* 
pushed through the normal OART end OMSF line .management channels. The work is 
being done ingovernment laboratories and under contract with-industry and universities 
Foreign nations have been invited to participate in this work as well. 

The Space Transportation- System Technology Symposium held at the NASA Lewis 
Research Center, Cleveland, Ohio, July 15-17, 1970, was the first public report on 
the program. The symposium on which this publication is based was held at Phoenix, 
Arizona during the week of March 15, 1971 and was the second report in the areas of 
Biotechnology as well as Operations, Maintenance, and Safety. The Symposium goals 
are to consider the technology problems, their status, and the prospective program out- 
look for the benefit of the industry, government, university, and foreign participants 
considered to be contributors to the program. In. addition, they offer an opportunity to 
identify the-responsible individuals engaged in the program. The Symposium sessions 
are intended to confront each presenter with his technical peers as listeners. 

Because of the high interest in the material presented, and also because the people 
who could edit the output are already deeply involved in other important tasks, we have 
elected to publish the material essentially as it was presented, utilizing mainly the 
illustrations used by the presenters along with brief words of explanation. Those who 
l li P res ® n tations, anc ^ those who are technically astute in specialty areas, can 
probably put this story together again. We hope that more will be gained by compiling 
the information in this form now than by spending the time and effort to publish a more 
finished compendium later. 


A. 0. Tischler 
Chairman, 

Space Transportation System 
Technology Steering Group 
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BIOTECHNOLOGY 


SPACE SHUTTLE ORBITER ENVIRONMENTAL CONIHOL 

AND— 

LIFE SUPPORT SYSTEMS 


0. T. S-tolT 
Space Division of 

North American Rockwell Corporation 
Downey, California 


A. 0* Qroulllet 
Hamilton Standard 
Division of United Aircraft 
Windsor Locks, Connecticut 


ABSTRACT 


The Space Shuttle Orbiter Environmental Control 
and Life Support System is presented. The rationale 
leading to selection of concepts is stressed. The 
concept trades were based on an anticipated 1977 . 
initial orbiter flight, ten years operation and a 
baseline mission support requirement of four men for 
seven days. The paper reflects a summary of concept 
selection work completed by the North American 
Rockwell Space Division Team, under -contract to NASA, 
Manned Spacecraft Center. Hamilton Standard provided 
support to this study. 
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REQUIREMENTS AND DESIGN CRITERIA 

WSM. u ;jr! nt / 8r *5; ECLSS and 311 other ***»•» I* to provide 
concert aL fn^ a 5Mc SyStem- T ^ e cost of deve l°Pment is of par-ticular 
ceStrwilJ d be util ze5 eaS ?h» whefl8 T possible, previously developed con- 
criteria and ran, • Th con ? epts are to be based on 1972 state-of-art 
around in twn w? q u re m nm,m maintenance and refurbishment, provide turn- 
around m two weeks or less, and support 100 missions over a ten-year period 

The ECLSS must provide the following functions: 

A. Shirt-sleeve environment for the crew and passenger compartment. 

B. Food, water, oxygen and storage and disposal of trash and 
human waste. Where required, provide environmental control 
of equipment in and outside the crew compartment. 

The subsystems that provide these functions must have the performance 
capabilities to meet the requirements of Table 1. 

TRADEOFF STUDIES 

mofhIU nCt T^ S 2 f the ECLSS can be satisfied by more than one concept or 
ethod. Therefore, to trade the alternates against each other* a concent 
was selected as the baseline and the others traded against this concept 
The baseline concept and the alternates are shown in Table 2 P 
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FIGURE 1 -- pASEUNE REFERENCE MISSION PHASES 
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TABLE 1, DESIGN REQUIREMENTS & CRITERIA 


Functional Requirements (Design Point) 


Cabin Total Pressure (Normal) 

Oxygen Partial Pressure (Normal) 

Carbon Dioxide Partial Pressure (Max. Normal.) 

Cabin Tempera tuce-( Selectable) 

Cabin humidity 

Trace Contaminants (Max. on each contaminant) 


14.7 PSIA 
3.0 to 3.4 PSIA 
7.6 mm-Hg 
65 - 75°E- 
46 - 57°E_ D.P. . 
0.1 TLV 


D esign Load s 
Heat Lo ads 

Hydraulic System (Heating) (BTU/Hr) 
Fuel Cell Cooling (Max. - BTU/HR) 
Metabolic Heat 

Sensible (BTU/Man-Hr) 

Latent (BTU/Man-Hr) 

Wall and Window 
Electronics Cold Plate Load 
Electronic Air Load 
Water Consumption 
Urine Production 
Feces Production 
Cabin Leakage Rate 

Failure Mode 


0 - 15,000 
36,000 

345 

205 

-8,800 to +2400 BTU/HR 
20,460 BTU/Hr 
12,200 BTU/Hr 
6.91 Ib/Man-Day 
3.58 lb/Man-Day 
.25/lb/Man-Day 
7 Ib/Day 


The system, except for pressure vessels such as tubing and tanks. In the 
event of failure, shall be designed to fall operational and fall safe with 
t’ie second failure. 
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f1rst a o?bito? d fH^n at1 °? ^ 1ter1a were “ st (emphasizing cost prior to 
Jill a ^ 19ht) , weighty power required, and volume. These factors 

df»tiinn ete y m ! ned ^°+u t,ie base ^ ,1e and alternate concepts, generally at the 
WASTE MANAGEMENT 


Three Waste Management Subsystem (WMS) concents were evaluated as dossIHIp 
candidates for the Shuttle Arbiter. The Sr design^ consideration ^1n this 
evaluation was the collection of solid human waste! 9 The basic concepSswl?e 

(,1) 15 Provided for insertion In a canister which 

nas sufficient air flow to product detachment and entrainment, 
me bag is manually sealed and placed In a storage compartment. 

(b) An integrated collection and storage container of sufficient 
capacity for a seven-day mission. For extended missions, It can 
be removed when full, replaced, and remotely stored. 

(c) A collection bag, which Is manually placed In a waste receiver., 
is provided for waste collection. After an expended bag is 
sealed, the waste receiver semi-automatical ly rotates 90° and 
ejects the bag into a storage chamber. Following ejection the 
receiver returns to its original position. 

Sit integrated collection and storage container was selected for the Orbiter 

*; 5 s £f9® of development is the most advanced, as well as having the 
c attracti veness . A similar system has been proposed for 
the Orbital Space Station, which offers significant commonality potential 
for equipment as well as procedures. H 

A rotary separator urine collection concept was selected over the hydro- 
phobic bag separator/collection approach for two reasons: 1) handling 

requirement is undesirable; 2) Skylab program has not been successful in 
developing this concept. The rotary separator concept requires no handling 
by the crew, is being developed by Hamilton Standard for Skylab, and has 
been selected for SSP. Urine collection tanks may or may not be employed, 
depending upon overboard dumping limitations. * 

HUMIDITY CONTROL 


The following Humidity Control Concepts were evaluated: 

(a) Condensing heat exchanger 

(b) Desiccant adsorption with vacuum desorption 

(c) Desiccant adsorption with vacuum desorption and ullage 
save pre-pump 
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The condensing heat exchanger concept utilizing a 3-fluld, stainless stee'i 
heat exchanger, A wick water separator collects condensate and wicks It 
to a hydrophollc transfer disc from which It Is pumped to the condensate 
collection system. The condensing heat exchanger Is oversized to provide 
a sensible heat- exchanger coolant inlet temperature high enough to prevent 
condensation. A single latent/sensible heat exchanger was not considered 
due to the associated penalty wd-th providing a cabin heating capability, 

An Isothermal, vacuum regenerate, four-bed silica gel desiccant humidity 
control concept was considered, This concept desorbs Its water vapor to 
space vacuum. The addition of heaters and/or pumps to achieve desorption 
at sea level conditions significantly Increases launch weight. Humidity 
control is achieved by process ^lew bypass. A pre-desorption pump-down 
approach was considered to conserve ullage gas during orbital operation, 
but provided no advantage for the baseline 7-day mission. 

The condensing heat exchanger concept has the advantages of being lighter 
and less complex than the desiccant approach. Additionally, the condensing 
heat exchanger will perform normally for all phases of orblter missions# 
Including ferry flight. During space station docked operation, the con- 
densing system can inhibit its overboard dumping by storing its condensate, 
whereas the desiccant cannot desorb without dumping its collected water 
vapor to space vacuum. Studies have shown that although increasing the heat 
transport loop radiator outlet temperature, as is allowed by the use of the 
desiccant, decreases the radiator fixed weight; the Increased fixed weight 
of the desiccant over the condensing heat exchanger and the added weight 
of other heat exchangers more than offsets the radiator weight savings and 
causes thetotal System weight to increase. The desiccant system also 
requires significant specialized GSE to dry the beds out between flights. 

For these reasons, a condensing heat exchanger Is selected for humidity 
control . 

C ARBON DiOXIDE ODOR AND TRACE CONTAMINANT CONTROL 

Two flight qualified concepts for COp control were evaluated. Lithium 
Hydroxide (L10H) has flown on BIOS, Apollo LM and Apollo CM. Canisters can 
be designed to contain L i OH and activated charcoal to control CO 2 , odors and 
trace contaminants. The reaction of LiOH with CO 2 produces water vapor and 
some heat. 

Molecular sieve COp control systems have been developed for the MOL and 
Sky lab programs. The 3 bed concept investigated uses a two-section bed, the 
front section being a silica gel pre-dryer and the back section the CO 2 
adsorber section. The pre-dryer bed is operated isothermal ly by use of 80°F 
coolant. The molecular sieve (Linde 5A) section desorbs adlabatlcally* 

This concept requires separate charcoal canisters for odor and trace con- 
taminant control. With the use of the molecular sieve concept, supplemental 
COp control is required for atmospheric operation, i.e., Ferry, Pre-Launch, 
Atmospheric flight. An ullage save pump-down version of the molecular sieve 
system was also investigated because of the relatively high amount of 
nitrogen co-adsorbed and subsequently lost on the molecular sieve at 14.7 
psi cabin operating conditions. 


The major disadvantages of the molecular sieve concept relative to L10H are 

1. Higher development cost 

2 . Higher weight has an impact on total vehicle weight 

3. Development of the Lithium Hydroxide elements is still required 
si-nce the elements are required for ground operations, pre-launch, 
loading and ferry. 

4. The system cannot be "off loaded" for short flights or when 
only the crew wall be aboard* 

5. More complex than the Li OH system. 

The major advantages of the Molecular Sieve are: 

1. Lower, recurring costs (only charcoal canisters required for 
each flight) 

2 . Lower payload penalty for the long duration missions 
The major advantages of the Lithium Hydroxide system are: 

1. Lower development cost 

2 . Lower. weight 

3. More flexible elements can be off-loaded for short missions 
and when the passengers are not carried or added for longer or 
passenger carrying missions. 

Both systems will meet the requirements; however, the Lithium Hydroxide 
system provides . less weight and DDT&E costs. It is recommended that 
initially the L i OH system be employed. However, since the molecular sieve 
system is being developed for Skylab and other Space Station programs, it 
is recommended that the vehicle design not preclude installation of this 
system later in the program for longer duration flights. 

THERMAL CONTROL 


The Shuttle Orbiter Crew Compartment requires temperature control to remove 
sensible heat from the crewmen, walls, windows, and electrical and 
electronic equipment. The heating of the compartment air may be required 
particularly in the local areas near the tunnel heat shorts and windows. 

The concepts which can collect this heat and transfer to the coolant trans- 
port loop are heat exchangers with fans, "coldwalls" with fans or a combi- 
nation of both. The coldwalls consist of coolant transport tubing attached 
to the walls or wall panels. The heat is then directed to these panels by 
radiation and forced convection. For cabin heat exchangers, the heat is 
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Zu 1J? th ? hea ‘ exchangers by forced convection. The exchanger 

This thSn h b1 V r ^ ch mu5t co11ect th « h eat from the walls by convection. 
™ * ^en. by necessity, causes the walls to run, five to ten .degrees or 

Z^twZZ? 01 ?* 1 ^ 4 " the a l r - The occupants then either feel Zl 
cooled^ cab1n air s beln9 wa ™ed, or warm when the. cabin air Is being 


The cool ing requirements show that a cold wall/fan concept will not sudhIv 

5 h e i ml? b baca K U56 ° f h J? h e,ectri « 1 hea ? C 1 oadon the ^abl n al r 
ana the limited areas where cold-walls can be located. 

^Lce a the t Mh^ e h!I? 1 l!! d K that , the -!! se 0f u C0ld wa11s could not significantly 

h®^t exchange* system,. However, a weight saving could be 

c*b n prior tS'SaunZ Z insu1at 1 on required to prevent overcooling the 
caom pnor to launch, and excessive temperatures after entry. 

HEAT REJECTION 


During ground operations, atmospheric flight, and orbital flight, waste heat 
must be removed from the compartment and rejected. 9 63t 


The following concepts were evaluated for waste heat rejection: 

. GSE Heat. Exchanger 
. Sublimator 
. Radiator 

. Hydrogen Evaporator 
. Cryogenic Heat Exchanger 
. Ram Air Heat Exchanger 
. Freon Evaporator 
. Ammonia Evaporator 
. Air Cycle 

. Vapor Compression Cycle 


t0 0ne unit which wil1 serve as a heat sink for ail 

no su PP lemer ‘tal cooling required. Four units which 
™H 1 th£ e v!™/° r Phases are the hydrogen, Freon, and ammonia evaporators, 
and the vapor cycle subsystem.. In order for these units to serve as a h*at 

rlninVAH 1 *°^ 6 J e m ‘i ssl0 ?‘ a sufficient quantity of consumables would be 

Ind nrnn^m aac?" 603 ^ laun J h * stud y indicated the consumable we.-ight 
and program cost would be greater than using a different concept for each 9 

?h!fl 0n ?5 ase * J here J ore » for application to the space shuttle orbiter, 
these units can best be used for supplemental cooling, or for atmospheric 
flights of short duration only. p enc 


The ram air heat exchanger and the air cycle systems can be used during 
atmospheric flights. The ram air system will require supplemental cooling 
at design flight speeds. This cooling may be supplied by a unit such as ’ 
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the evaporators indicated above. The air cycle system will provide suffi- 
cient cooling capacity for all atmospheric flights. 

For space flights, the radiator will reject all heat unless limited by 
radiator area. For peak loads or radiator failure, supplemental cooling Is 
supplied by a water subllmator. The sublimator will also provide cooling 
during the period of time the radiator Is not on stream at the start of 
the orbital flight and just prior to reentry. For the subllmator, water 
Is supplied from the water generated by the fuel cells. 

Hea.t sink capability for ground operations may be supplied. by the evapo- 
rators or by GSE. A GSE onboard heat exchanger can also be used for cooling 
during docked operations, with the heat from the orbital vehicle being 
rejected through the space station heat transport system, 

The evaporator/heat exchanger discussed above utilizes cryogenic hydrogen, 

( 300° R ) , from the ACPS and dumps the hydrogen overboard after using. 

Table 2 provides the weigh-t, power, volume and cost data for these heat 
rejection concepts. The selected heat rejection subsystem is composed of 
the following units: 

1. A GSE heat exchanger to operate during all ground operations. 

2. A hydrogen evaporator to provide heat sink capabilities during 
all atmospheric operations. 

3. A combination radiator-subl imator be installed to operate 
for all space operations. 

The above combinations will supply all heat rejection capabilities at the 
least cost and weight, and, in addition, will provide greater flexibility 
for meeting extended flight requirements. 

SYSTEM DESCRIPTION 

The tradeoff resulted in the selection of the concept shown in Table 3. 

Figure 2 shows the integration of the heat transport, heat rejection, tern- 

perature control, humidity control, and CO 2 control functions. With this 
arrangement toxic coolants are kept from the manned cabin and a low 
freezing temperature coolant is provided for the heat rejection equipment 
in a manner similar to the Space Station Prototype (SSP) approach. A 
single, six fluid interface heat exchanger allows either water loop to 
function with either F21 loop without switching valves. The GSE function 
doubles as the space station interface for docked operations. The sub- 
limators perform all heat rejection functions that the radiator cannot at 
altitudes of 100,000 ft or greater. The hydrogen evaporators provide heat 
rejection at altitudes below 100,000 feet. For Ferry Flight, if cryogenic 
hydrogen is not available, a Freon vapor compression package will be 
"strapped on", and connect at the GSE interface. 
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TABLE 3 - TRADE STUDY SELECTION 


FUNCTION 
CO^ Control 
Humidity Control 

Heat Transport 

Trace Contaminant 
Control 

Temperature Control 
Fuel Cell Heat Rejection 
Heat Rejection 

Atmosphere Pressure & Composition. 
Control 

Waste Management 


Ng Diluent Storage 
Food Management 


CONCEPT 
Li OH 

Condensing Heat Exchanger, 
Replaceable wick water separator 

Dual loop (H 2 O cabin loop* 

F21 Heat Rejection) 

Activated Charcoal 


Forced Convection Heat Exchanger 

Integrated with F21 Loop 

Space Radiators 
Subli.ma.tors 
Hydrogen Evaporators 

Total Pressure Regulators with 
selectable Og or N 2 source 

Feces - Vacuum Dry Collector 
with Slinger 

Urine - Air Entrainment, rotary 
sepacator, overboard dqmp 
and/or holding tank 

Carbon Composite, high pressure, 
filament wound tanks 

Aluminum Cans, Thermos tabili zed, 
rehydra tables , wafers, beverages 





I 1 } cabin loop, a heating mode Is achieved by use of heat picked up at 
the electronic cold plates. Minor cold walls In the celling and floor of 

effecfon the cabln^h t0 !T edu ce . 1 nsu 1 a tl on requirements, and have little 
eTTecE on the cabin thermal requirements . 

va cuum drying waste management subsystem (Figure 3) concent 
Is selected for space shuttle. It provides feces, urine and smal tS 
collection, processing and storage. Feces and solid wastes are collectod 
vacuum dried and stored in one container. Urine is collected separately * 

?Sr« d c rH dumped -° vertl0 ? rcl ‘ Thls sub system may be common in design to^ 

—• m ■ -*•«» °< * 

gxics nw wa xz aar*. 

packages are stored. These canisters are designed to orolona storaae lifp 

charartpHcf'*' eS ^ Ure variation, vibration, ground handling, launch and 1f 
characteristic impact loads associated with the Shuttle Orbiter program. 

3afprf d Ll] a hL^ en cate § or I i 2 ed as follows: thermostabi 1 ized, rehydratables 

o 6 d/ H b 6S : Packaging concepts include aluminum cans with pull- 
out lids and plastic beverage packs. K 

Inmn^li ey + COmplex conta ! ns a ur| ique freezer-locker compartment. This 
! p. serves as a locker for the 7-day mission but may be replaced by 

Qt^ranf er fI° r i, ex J ended m ,I ss1ons * The galley also provides an oven, food 
storage, trash storage, hot and cold water supplies, and utensil storage. 

Innf^iI n a nIi eSSUr ? J ontro1 subsystem shown in Figure 4 consists of plumbing, 

Dhere°at S' o Pr ° Vid V two ga ? (ox ^ en and "^ogen) Stnos- 
fnf^r-fii 0 0r 4, I psia * 0x y9 en for normal makeup is supplied from the 
t!! ^ !'° X ? P storage system and nitrogen from 3000 psi storage tanks. 

per hour tlC An * re prov1ded !f 1th a maximum flow rate of seven pounds 

Sywnon I; «! emergency °*X ger } suppl y s y stem is Provided which provides 
oxygen at 55#/hr from the Attitude Control Propulsion Storage System. 

The fire extinguisher is a domed stainless cylinder about ten inches high 

k ;SHL SeVen J nch / 02zl ?, and handle * The cylinder contains a polyethylene 
cirnn^r ca B? b l e of expelling two cubic feet of foam in approximately 30 
seconds. The extinguishing agent, which is an agueous gel (hydroxymethyl) 
cellulose), is pressurized to a maximum pressure of 250 psi at 140F. Freon 
is utilized on the opposing side of the bellows bladder to act as the 
expulsion agent. NASA has fire .action systems studies in work and the 
results of these studies will define the system for the orbiter. 

CONCLUSION S 

The concept selection is indirectly sensitive to a number of factors which, 
in a phase B study, are subject to change. The length of the missions is 
one which, if shortened, could justify elimination of the space radiator 
and the water sublimators and replace the CO 2 and humidity control with an 
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FIGURE 3 — WASTE MANAGEMENT SUBSYSTEM 








FIGURE 4 — PRIMARY ATMOSPHERIC PRESSURE CONTROL AND 
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nf 6r I i22™^ y e?22* b e ?? th ^ 1n9 the ? 1ss1on ">ay require that the radiator be 
or d larger size and the COg removal be accomplished by using the molecular 

5 16V6 conc6pt^i 

The mission mix" (length of missions, kind of missions, number of passen- 
fSH «Sf r -Ui a ? 1o 2 )# 1 ? fluen E es not °n.ly the concept selection but number of 
nnnnnf! ™ i5 y k te T s ! z ?; /°r exam P le » one system with large capacity com- 
^??f n r s could be Installed when carrying a number of passengers and replaced 
with smaller components when carrying a smaller number of passengers. An 
alternate would be modular systems, of which two or more would be Install ed 

tor maximum number o-f passengers and one would be used when no— passengers 
were carried. 3 


A number of study contracts are now In work under NASA and- Air Force 
direction which will. define the missions and dictate concept selection. 

The waste management Is an example. Prototype development and fabrication 
arc underway on the Space Station Prototype System Contract. The waste 
collector satisfies the Shuttle needs and commonality usage will reduce 
the cost. Another Is the Fire Detection System for pressurized and un- 
pressurized bays. Work Is now underway in this area and should have an 
impact on the concept selection. While the major part of the concept 
selection is complete, effort will be continued In all areas with emphasis 
on Food Management, Waste Management, Fire Detection and system size. 

In conclusion, 

. The ECCLS design will provide provisions for incorporation of 
more economical concepts as they are developed. 

. The system can be refurbished and maintained using airline 
maintenance concepts. 

. State-of-the-art concepts will be used and a system will be 
provided at costs below previous space vehicle systems. 
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EVALUATION OF AN ENERGY ABSORBING CREW SEAT 
INTEGRATED WITH A ROCKET EXTRACTION SYSTEM 


Richard Carpenter 


NASA, Flight Research Center 


ABSTRACT 




c f nsldera ^ on bas teen given to equipping the scaled prototype shuttle vehicle 
with a lightweight energy absorbing seat integrated with a crew extraction rocket. Such 
a system would provide protection for low velocity vehicle impacts and also offer a means 
of escape during higher velocity conditions. This system has been developed and 
fabricated at the Flight Research Center (FRO. The energy absorbing seat has been 
tested in a-dynamic impact laboratory with, satisfactory results. The escape system has 
been evaluated by extracting dummies by tractor rockets from a typical cockpit config- 
ufation. These tests indicate unsatisfactory performance during high roll rates. 


INTRODUCTION 

i The NASA FRC is presently in the design stage for a one-third scale prototype 
shuttle vehicle based on the delta wing concept which is intended for launch from a 
B-52 aircraft. The Center is pursuing several technological development areas to 
facilitate this design stage. In the biotechnology area, flight experiments to establish 
minimum but adequate visibility envelopes are being conducted. Also, investigations 
or crew thermal and pressure protection systems and crash and escape systems are 
being conducted. In this latter area two different concepts were selected as candidates 
for. consideration; an ejection seat and an energy absorbing seat integrated with extraction 
tractor rocket. Performance characteristics of ejection seats are understood to the point 
that further-experimental work was not considered necessary to evaluate the application 
of these seats to the scaled prototype shuttle. In the event this candidate is selected, 
constderation is being given to the F-106 ejection seat as modified for use in the 
XT-2 Japanese Fighter and specifications for this seat are available from the FRC. 

However, experience was lacking in the use of a flight-qualified crew seat 
capable of absorbing energy and integrated with a tractor rocket to extract the crew 
member during an emergency. Certain physical characteristics of this type system, 
such as being lightweight and simple in design, were considered attractive enough to 
warrant an experimental investigation of actual performance characteristics. 

This paper briefly discusses the FRC's experience related to the design, fabri- 
cation and testing of an energy absorbing seat integrated with an extraction tractor 
rocket. 


GENERAL DISCUSSION 


Pertinent to energy absorbing design and testing techniques was 
obtained through the design and fabrication of a dynamic impact laboratory (ref, 1) 
and the fabrication and testing of ar energy absorbing seat for use with the Flex 
wing vehicle (ref. 2) previously flown at the FRO. 

Evaluation of a lifting body crash led to an energy absorbing seat design that 
lowered the pilot to a position where his bead is below the structural level of the 
fuselage and would, consequently, provide an added measure of protection to the head. 

This film clip (D* shows a lifting body crash lancing. The vehicle exhibits a 
nigh roll rate in excess of 200 degrees per second during the crash sequence. The-- 
pilot miraculously lived through this crash and the worst bodily damage was to the 
head; he has permanently lost the use of one eye. 

Consequently, the seat shown in Figure 1 was designed to lower the pilot's head 
to within the top fuselage level while simultaneously absorbing energy by the use of a 
cyclic strain attenuator (CSA). The CSA used has a total stroke distance of 11 inches 
and is designed to start lowering the pilot and absorbing energy at approximately 10 g's, 
depending on the pilot's weight. 

Several dynamic impact tests were made to verify design: 

This first film (2) shows a 25-foot per second impact with a high vertical 
component. This design satisfactorily absorbed energy but did not lower the head 
to the desired height. The seat was repositioned within the fuselage frame allowing 
for an adequate outside viewing envelope and impacted again. at the same test conditions 
illustrated by this second test sequence. This design. was considered adequate for 
lowering the pilot to a height sufficient to provide improved head protection. 

Figure 2 illustrates where three-axis accelerometers were used during the impact 
testing. As may be seen, there is a three-axis accelerometer located in the head, the 
pelvic region, the seat, and directly below the seat on the fuselage frame. The data 
to be discussed shall only include vector accelerometer readings from the pelvic 

region and from the vehicle frame which best illustrate the energy absorption character- 
istics of this total system. 

Figure 3 shows acceleration versus time as measured at the vehicle frame and 
within the pelvic region of the dummy. The impact velocity for this te-st is approximately 
ab feet per second with vehicle frame peak g readings of approximately 86 g's and a 
peak pelvic reading of 30 g's. 


*See reference 3 for details on obtaining film. 
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However; the energy absorption characteristics or the CSA are better shown by 
transforming these data into the frequency domain. Figure 4 illustrates the relative V 
difference of the spectral amplitude in g-seconds between the frame and pelvic 
acceleration levels as a function of frequency. Note that the high energy levels are in 
le low requencies for both the frame and pelvis, where for the frame near the DC level 
the energy level peaks are about 2.25 g-seconds and the pelvispeaks at 0.8 g-seconds; 
as indicated, the energy level for the pelvis readings has decreased by a factor of three. 

Figure 5 shows the gain factor which is the ratio of the amplitude in g_-seconds 
of the pelvis to the frame. That is, for values less than zero, the pelvis experiences 
less transfer-of energy through the frequency range until 75 hertz, at which time the 
values fluctuate around zero. 

. A But as may be seen from Figure 4 , there is-essentially no energy ui the system 
above 75 hertz. These data Indicated that the energy absorbing characteristics of 
this seat were adequate for the available stroke range of 11 inches. At the conclusion 
of the impact testing, the program moved into its second phase which involved integrating 
this seat with a tractor rocket system capable of extracting a crew member during an 
emergency. s 


Figure 6 shows a tractor rocket mounted on its launcher attached to the back of 
the seat. During an emergency the pilot pulls a single handle between his iegs which 
blows away the canopy and pneumatically launches the rocket which is attached by a 
10-foot line to the pilot harness. When the rocket reaches the end of the 10-foot 
line, the rocket is ignited and pulls the pilot from the vehicle with a 1,000 pound- 
second impulse. During the sequence, the seat pan drops and the seat slides up 
rails to guide the pilot from the vehicle during the extraction. 


. a ,J hjs J h .'? h “ speed P^raphy film clip (3) illustrates a successful extraction 
at 0/0 conditions when the vehicle is in a stable configuration. However, as mentioned, 
experience at the FRC with research vehicles such as the X-L5 and lifting bodies during 
emergencies has demonstrated that high roll rates are probable. 


This film clip (4) is an example of a rapid buildup of rates to valuer in excess of 
70 degrees per second. This is a mockup of an actual X-15 emergency reconstructed 
from telemetry data. In this case, the vehicle and pilot were lost, but as may be noted 
from the control movements, the pilot attempts to control the aircraft until the last 
instant when high spin rates iri-excess of 270 degrees per second are reached in 
approximately 400 milliseconds. 


It us. our firm belief that a crew emergency egress system must be capable of 
operating at high roll or spin rates; consequently, a series of performance tests were 
accomplished to evaluate the performance characteristics of the extraction rocket 
under simulated roll rate conditions. 
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Figure 7 illustrates the technique used to statically simulate a roll condition. 

The thrust vector of the rocket was displaced laterally from zero degrees in increments 
to 45 degrees. 

The theoretical graph shown in Figure 8 shows corresponding aircraft roll rates 
as a function of rocket tilt or lateral displacement in degrees. Three firings were 
performed corresponding to a 60-degree per second/ 80 -degree per second, and 
125-degree per second roll rate. 

This high-speed photography clip (5) illustrates the conditions of extraction at 
these various roll rates: 

At 60 degrees per-seoond the dummy was extracted without any problem. 

At 80 degrees per second-the dummy was slammed bard against the right side of 
the cockpit and dented the side of the fuselage.. 

At 125 degrees per second the dummy was again~s lammed hard against the frame. 
The accelerometers mounted in the thorax indicated a side acceleration of 80 g's 
sustained for 15 milliseconds. 


Figure 8 shows the theoretical estimate of aircraft roll rate versus rocket tilt 
angle and our three test points corresponding to roll rates of 60 degrees per second, 

80 degrees per second, and 125 degrees per second together with the time required’ 
for the various events to occur. 

Two events are plotted. The top function indicates the roll rates achievable 
by the tractor rocket if the feet clear the cockpit. The second function provides 
the roll rates possibleHf only the torso is considered necessary to clear the cockpit. 

However, our experimental tests indicated another factor, shown in Figure 9, 
by plotting egress time versus rocket tilt angle. Due to the. additional horizontal 
force component caused by the dummy pressing against the side of the cockpit, the 
egress time increased for. increasing roll rates. As indicated, from a stable 0/0 
condition to a roll rate of 60 degrees per second the egress time increased 23 
mi I li seconds and-from the stable condition to an 80-degree per second roll rate the 
egress time increases to 54 milliseconds^ For 125 degrees per second, the delay 
time involved in leaving the cockpit is 66 milliseconds. 

W !*" these experimental data are plotted together with the theoretical estimate 
(Hgure 10), it is evident that the actual roll rates within which this system can 
operate in this cockpit are reduced. A 73-degree rocket tilt angle corresponding to 
a roll rate of approximately 200 degrees per second is the theoretical maximum 
above which a tractor rocket cannot extract a pilot. Extrapolation of actual experi- 
mental data indicates that actual possible roll rates for a tractor rocket extraction 
from this type cockpit are definitely less than 200 degrees per second and probably 
nearer 160 degrees per second, and this is not considered adequate for flight vehicles 
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that are aerodynamics I ly unstable in roll or capable of high roll rates particularly in view 
of the high side forces exerted against the dummy as he left the cockpit. These side 
forces seem to become significant at a simulated roll rate of 80 degrees per second. 

CONCLUSIONS 

1. Nonejection seat designs allowing improved head protection by lowering the 
pilot are now within the state-of-the-art... .. 

2. By Integrating energy absorbing techniques into the seat lowering mechanism/ 
a significant amount of impact energy can be prevented from reaching the pilot. 

3. The energy absorbing seat can be integrated with-a crew extraction rocket 
ancLwill perform t ;liably at a stable 0/0 condition and.at relatively low rolL rates* 

4.._ The tractor rocket egress system. is not recommended for use with flight 
vehicles where high roll rates can be expected. 

5. This type seat and egress system is not recommended for use on the scaled 
prototype shuttle vehicies where roll rates in excess of 200 degrees per second can 
be anticipated. 

6. The recommendation now being considered for the crew egress system for the 
scaled prototype shuttle is to use the F-106 ejection seat as modified for the XT-2 
Japanese Fighter. 
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THE FLASH EVAPORATOR FOR TRANSIENT HEAT LOADS 

J. L. Gaddis 

Vought Missiles and Space Company 


INTRODUCTION 

Tiie thermal control system for the shuttle is being projected to include an exp end* 
able heat siiik-to-augment the radiator and to provide primary heat rejection during atmos- 
pheric flight ph a s e s .. Any device must demonstrate certain features to warrant its devel- 
opment for shuttle usage. These include high efficiency, capability to meet the high load 
transients as well as steady state, capability to respond quickly after dormant periods 
and to assume dormant operation, and sufficient simplicity to insure superior reliability. 
In addition to these requirements, it is attractive to obtain a single device which can 
utilize various evaporants. This document reports an investigation of the feasibility of 
* a liquid spray flash evaporator concept intended to satisfy the objectives outlined. 

OBJECTIVES 

1. Heat Load 0 - 25000 BTU/HR, inlet temperature ramps of 5 degrees per minute. 

2 . Outlet temperature range 35 to 45 F . 

3. Evaporants H 2 O, NH 3 or R -22 in pertinent pressure range. 

4. Accelerations 0 - 4 g. 

5 . No backpressure control . 

6 . Heat rate control by supply rate modulation. 

7. High enthalpy of vaporization. 

i 
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VAPORIZATION PROCESSES 

A liquid changes to a vapor with the addition of heat by any of several mechanisms* 
Devices associated with these mechanisms have associated with them a necessary rate 
control variable. In the case of the droplet evaporation device, the heat rate control by 
supply modulation is considered to be especially attractive from a simplicity standpoint 
when compared to backpressure control . It compares favorably with the sublimation 
device having an excellent rate control mechanism which is penalized to accommodate 
intermittent-operation. Thus, it is attractive to pursue a device which evaporates 
liquids by the dropJet evaporation mechanism.. ..See Figure 1. 
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Figure 1. Vaporization Processes 
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DROPLET IMPINGEMENT 

Several phenomena may occur during single droplet impingement of a three phase, 
single component fluid. The particle could freeze in transit with a corresponding inabil- 
ity to efficiently vaporize it. The particle could impinge on the wall as a liquid and 
evaporate, boil gently, or boil violently. In either of the first two the entire droplet can 
evaporate efficiently, while a significant fraction of the liquid in the latter case could 
be ejected. Finally, the liquid could be supplied faster than the evaporation with accu- 
mulation resulting. The bounds of desired operation are considered violated when the 
droplets freeze or when accumulation is encountered. The violent boiling will probably 
result in a_fluid selection criterion rather than a design problem. The limits of freezing 
and accumulation will be estimated using both experimental and analytical techniques. 
See Figure 2. 
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Figure 2. Droplet Impingement 


WATER FREEZING CHARACTERISTICS 
The time required to freeze a particle in flight may be analyzed using any of several 
approximate. techniques . Figure 3 shows the length of time to complete freezing for water 
particles at various ambient conditions. The typical size of particles obtained from an 
atomizing nozzle is about 100 microns which would freeze in a distance of about one foot 
under vacuum conditions with a velocity of 50 feet per second . Raisi ng the pressure 
from zero to a saturation temperature of 10°F p roduce s n early twice the distance to 
freezing. Thus, both the length of path, velocity, and ambient pressure have significant 
effects on the condition of the particle. 




FLOODING TENDENCY OF SUPPLY VERSUS 
EVAPORATION RATES 

The possible flooding of the evaporator surface has been analyzed by evaluating the 
characteristic supply time and evaporation time. See Figure 4 . The characteristic sup- 
ply time may be calculated as the time required to produce an equal number of particles 
and targets. These targets are a size such that a particle at target center will be hit by 
a second particle when the latter falls within the targets he characteristic evaporation 
time is calculated from a direct heat transfer solution. The evaporator Is expected to 
flood whenever the supply time is less than the evaporation time. The excess in supply 
time over evaporation time provides for margin against variations in supply flux, etc. 
Within the range of droplet sizes expected, a one square foot evaporator is more than 

adequate to prevent flooding for water. The only evaporants (R-22, NH 3 ) have relatively 
similar characteristics. 
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LIMITS OF DESIRED OPERATION 

From the foregoing/ the range of evaporator size and particle size may be calculated 
in which the evaporator will have the postulated single droplet evaporation mode. The 
parameters listed have such a strong effect (particularly the ambient pressure) that many 
sets of charts would be required to completely describe the situation. Particle freez ing 
is a more-formidable problem since the sizes at which the spray accumulates are actually 
much less thaoxan be accommodated by the transport side heat transfer. This transport 

side design impact is the strongest sizing parameter in the system and will be illustrated 
shortly. See Figure 5. 
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Figure 5. Limits of Desired Operation 
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EXPLORATORY TEST 

An experiment was contrived to evaluate the effect of the basic parameters. The 
test objective was to establish the efficiency potential which each evaporant, to evaluate 
4g effects , and to gain insight into operational problems associated with nozzle freezing, 
etc. The energy used to evaporate the fluid was extracted from the heat storage of a 
heavy test article. The simulated evaporator at a uniform high temperature was sprayed 
for a short intervaUnd then allowed to reach equilibrium. The energy release calculated 
from before and after temperatures was divided by the expended evaporant weight to yield 
the enthalpy of evaporation actually obtained. This enthalpy could then be analyzed 
according to the appropriate parameters to account for the losses. See Figure 6. 



Figure 6. Exploratory Test 



EXPLORATORY TEST RESULTS 

The exploratory test results for water were found to form two relatively distinct data 
groups. At low ambient pressure, particles were observed to rebound from the evaporator 
wall, suggesting, together with the measured low efficiency, that the particle freezing 
had caused a reduction in efficiency. At higher ambient pressures, the efficiency was 
observed to decrease when the wall temperature approached the saturation tempera tu re. 
This result interpreted to indicate some flooding during the run. See Figure 7. 

While reasonably high liquid use efficiencies were obtained with water, both the 
Freon 22 and NH 3 never achieved high efficiency. Some of the cause for this loss was 
a direct carryover of liquid droplets entrained in the vapor flow. 
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TRANSPORT FLUID SIDE DESIGN 

A simple heat transfer and pressure drop calculation for the series tube evaporator 
heat exchange surface yields a result as illustrated in Figure 8. The transport fluid in 
this calculation is Freon 21 which Is anticipated for the shuttle application. A similar 
plot results for water but tends to lower values of pressure drop and temperature differ- 


ence. 




PARALLEL FLOW PATH OPTIMIZATION 
A calculation of the previous type can be made for multiple tubes In parallel flow for 
Freon 21 transport fluid. By choosing the unique value of tube size and evaporator area 
which yield a selected pressure drop and temperature difference, one may determine the 
number of pathswhich yields the smallest evaporator. From such an exercise the area is 
found to be about 4 square feet for the 25000-BTU/HR device. This area could be 

decreased somewhat if an increased fin effect could be ioeorporated into the heat exchange 
surface. See Figure 9. 






EVAPORATOR CONFIGURATIONS 

With the addition of the transport fluid loop considerations/ a pair of evaporators was 
constructed. See Figure 10, The active area of these evaporators was about 4 square 
feet with the anticipated spray pattern. Each of these evaporators is a fabricate config- 
uration/ and each tends to skew the spray flow differently allowing for differences in 
spray distribution. To provide the ambient pressure required for high efficiency/ an 
exit hole was sized to choke the flow supplied at the desired pressure. 
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CYl INDgR CONFIGURATION 



Figure 10. Evaporator Configurations 


TEST SETUP AND CONDITIONS 

The evaporators were installed in a vacuum chamber which was maintained at low 
pressure primarily by a liquid nitrogen cryopump. Test cell pressures below 0.02 psla 
assured choking of the exit port during operation. Actual pressures ranged between 10 
and 1000 microns Hg (.0002 and .02 psja) except during exceptional circumstances. 
The water used as transport fluid was preconditioned by a cooling fluid and an electrical 
heater to achieve one of the two illustrated inlet temperature profiles. The evaporant was 
supplied using a pressuianLgas at regulated pressure. See Figure 11 . 
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CYLINDER-TEST INSTALLATION 

The non-insulated cylindrical evaporator Is shown Installed in the chamber In 
Figure 12. Construction detail of the evaporator showing the recta ngular tubing welded 
together Is shown clearly. At the right is the evaporant supplyline and valve/ while on 
the left is a plexiglas tube simulating the vapor vent line. This tube accumulated up to 
an estimated 1/8 inch frost during testing. The evaporator was suspended from a load 
cell which could detect a one ounce accumulation^^ in the evaporator. 



Figure 12. Cylinder Test Installation 


TYPICAL RESULTS: H 2 0 


Results for water are as anticipated , with the evaporator's outlet temperature bounded 
between 35 and 45 degrees. An average_o£_all results obtained indicates-that about 93 
percent of the injected water was evaporated at the predicted enthalpy rise. The only 
problem during testing was associated with evaporant freezing on the nozzle. This prob- 
lem was circumvented by a gas nozzle purge of the liquid hold up, or by simply replacing 
stainless steel- with a brass-nozzle. Heating the nozzle was not effective in eliminating 
freezing. See Figure 13. 
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Figure 13. Typical Results: HgO 
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TYPICAL RESULI&-R 22 0R nh 3 

Results for Freon 22 and Ammonia were similar to each other with each having 
spray distributions which were disturbed significantly by vapor flow paths. .The outlet 
(and interior) temperatures varied over wider ranges and Incipient freezing of the trans- 
port fluid occurred in two modes. First/ at low load the highest cooling position drops 
rapidly to freezing while the outlet is comparatively warm. As the cool pulse nears the 
outlet/ the interior sensor is quite warm so that recycling to "on 11 may produce freezing at 
the outlet. This freezing was eliminated on all but one configuration by dual sensor con- 
trol . However/ the outlet temperature swings past the prescribed 35 to 45 degree con- 
trol range. Some type of predetermined pulse length control could be expected to easily 
eliminate these swings if they are found to be excessive. Also/ the use of Freon 21 as 
transport fluid is expected to result in lower amplitude temperature variations. See 
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Figure 14 . Typical Results: R22 or NH3 




SIGNIFICANT RESULTS 

1. High enthalpy of vaporization achieved In single device for three evaporants, 

H 2 O: 9 Runs, Ah f 965 BTU/LB (93%) 

R-22: — 5 Runs, Ah = 62*3 BTU/LB (90%) 

NH3: 4 Runs, Ah f 357 BTU/LB (80%) 

2. No penalty associated with response from and assumption of qulesent condition. 

3. Demonstrated capability of Inlet temperature ramps up to 8 degrees per minutes. 

4. Supply rate modulation control demonstrated. 

5. Overloads of 75 percent demonstrated. 

6 . Demonstrated outlet temperature range 34 to 46 for water, 33 to 60 for R- 22 , 34 

to 55 for NH3. 9 

7. Acceleration (mean) of 1 to 3.3 g documented in preliminary test, with at most a 
moderate efficiency loss. 
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CONCLUSIONS 


In conclusion, this program has Indicated the feasibility of a spraying flash evaporator 
with 

1. High efficiency capability. 

2. Operation without active back pressure control . 

3. Control by supply rate modulation for heat load transients. 

4. Capability to assume dormant operation with instant reactivation. 

5. Operation with multiple ©vaporants in a single device. 

It is recommended that the development of the ev/aporator concept be continued, toward 

providing_ayjilability for shuttle incorporation. 
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RECENT RESULTS FROM ZERO 'Q ' CARGO HANDLING STUDIES 

By Gary P. Baasley 

NASA ^ 

INTRODUCTION /w * 

In the past several years a number of studies have been made of 
sere 'g' cargo transfer problems. These studies have generally been 
exploratory or mission-oriented in nature and have provided limited and 
sometimes conflicting results. Recently cargo handling and transfer has 
become of greater importance due to the large amount 0 of cargo planned 
for delivery by the Space Shuttle. — Because of these shuttle requirements 
it is of considerable importance to determine what means of transfer will 
be used. That is, can man perform the transfer tasks adequately or are 
automated or semi -automated systems required. 

These questions and others are being investigated as part of LRC's 
shuttle man /machine integration research effort. This paper vill discuss 

the IRC program and Indicate some of the results presently being obtained 
in the area of cargo handling. 


LRC SHUTTLE MAN /MACHINE STUDY PROGRAM 

Figure 1 shows the overall LRC shuttle raan/raachine study effort. 

As shown, this effort includes: a contract study to define man/machine 

areas requiring detail investigation; studies of cargo transfer and 
stowage from both a parametric and a shuttle configuration standpoint; 
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a cooperative effort to evaluate a laser radar for docking being develo ped 
for MSFC on LRfl-R aal- t lme Dynamic Simulator; studies of personnel 
transfer and astronaut rescue related, to all proposed shuttle missions; 
a study contract leading to the evaluation of a multiuse, cargo transfer 
aid; and general revl w, analysis, and simulations, as required, of 
shuttle docking, abort, and EVA tasks. The ma^or effort to date has been 
addressed to the first twe tasks shown and these will be discussed In 
some detail. 

SHUTTLE PROBLEM-DEFINITION STUD Y- -CONTRACT 

The initial shuttle man/maehine Integration study conducted at LRC- 
eonsisted of a problem-definition study contract with Environmental 
Research Associates (ERA) . This study was conducted under Contract 
NAS1-8975-3 and is reported in NASA CR-lll,Q4t Ji . The scope of the study 
(figure 2) under this contract was as follows: (1) the contractor was 

to review and evaluate all available shuttle documents including Phase A 
final reports, Phase B proposals and progress reports, etc. From this 
review, information on shuttle configurations, and docking, cargo 
transfer, EVA and abort requirements were compiled and commonality, 
mission constraints, etc., were determined. (2) Following this review 
the contractor was asked to determine the State >• of <■ art in personnel and 
cargo transfer and to a lesser degree in docking and shuttle-related EVA. 
Frcm this determination deficient areas were determined. (3) Concurrent 
to the state-of-art review the contractor was to analyze transfer 
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operations, docking and EVA for representative shuttle missions. (4) 
Pinal? y , taking into account all of the reviews and analyses conducted, 
the contractor was to develop an experiment plan no study, through 
analysis and simulation, the deficient areas found in passenger and 
cargo transfer, docking and EVA. 

Figure 3 Is a representative sample of the task analysis conducted 
by ERA. This particular figure is for cargo transfer and shows the 
various components of the task and the relative priority necessary to 
study the task. As can be seen the studies of problems related to 
package stabilization and translation were necessary first, followed by 
tests to evaluate these problems as they interacted with disconnect and 
shuttle configuration considerations. Similar flow diagrams were 
developed for docking and personnel transfer. 

figure illustrates the format for suggested experimental programs. 
It is for cargo transfer and similar ones were developed for docking and 
personnel transfer. These program plans indicated studies that should 
be conducted to supply necessary information in a timely fashion, the 
mockups and experiment required to support the studies, the experimental 
sequence 01 the studies for the different type missions and the type of 
results to be obtained. 

One additional sample of the cargo transfer work reported in the 
study contract is illustrated in figure 5 . This figure illustrates a 
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typical shuttle logistics cargo complement. On the figure the cargo is 
divided into classes according to weight and volume and the number of 
passages failing into each class is shown. Superimposed on this cargo 
matrix, the rows of which are package weight and the columns package 
volume , are indications of currently accepted manual cargo transfer 
capability. For example, the white area represents the package volumes 
and masses generally accepted as being within the handling capability of 
a man. Host packages expected fall within this category. The dotted 
area represents areas where there is significant current disagreement as 
to man’s potential. The cross-hatched area is generally conceded to be 
outside the range of practical manual cargo handling. It can be seen 
that extension of man's capability into the dotted area would 
significantly affect considerations of man’s role in cargo transfer and 
the need for automated systems. This area of interest can be considered 


as a point of departure for LRC studies. 


KG CARGO TRANSFER PARAMETRIC STUDY 


IRC in-house simulation studies are directed toward resolving the 
cargo transfer questions raised in figure 5, by determining through a 
parametric study the limits of manual cargo handling. The study is 
being conducted using water immersion simulation techniques and consider- 
ing the parameters shown in figure 6. As shown, the study is considering 
package masses from 3 to 50 slugs, volume of 1.5 to 1^2 cubic feet, 
moments of Inertia up to 900 slug ft 2 and various other aspects such as 
maneuvering aid, pressure-suit effects and one-man versus two-man 
transfers . 

Many different mockups of cargo were used in the study. Figure 7 
illustrates a typical package. The package mockups were constructed 
using a central sphere to provide buoyancy, lead to provide mass and 
thin pipes to represent volumetric limitations. Also shown on this 
figure is the course used in the tests. It consisted of two 1 . 25 " hand- 
rails separated by about 18 inches and layed out in a 20-foot -by-10-foot 

rectangle, thus permitting evaluation of straight line transfers as well 
as turns. 

The prime method of evaluating the cargo handling tasks was through 
a subject rating scale as shown in figure 8. The ratings range from 1-10 
and varied according to compensation (concentration and/or physical 
strength) required to handle package. The prime subjects used to date 
include an astronaut with zero 'g' flight experience, an LRC test pilot, 
two research engineers arid an Air Force Flight Surgeon. 


CARGO TRANSFER PARAMETRIC STUDY 
(STUDY PARAMETERS) 



FIGURE 6. 



FIGURE 7. 



ability to perform task 
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The initial phases of the parametric study have been completed and 
some preliminary results have been determined and are shown in figure 9, 
These results are as follows: (l) The effects of mass and moment of 

inertia on cargo transfer are minimal for the range of packages studied 
(3«50 slugs). Practical considerations such as spacecraft volumetric 
restrictions, cargo transfer time constraints, etc., would detormlne 
actual cargo limits. (9) All transfers were accomplished using either 
one or two handrails. However, the use of two handrails was found to he 
more desirable because it provided three points of contact to be used in 
the control of the packages. For example, the hand used for translation 
and the two feet (or knees) used for braking, package positioning, and 
stabilization. The larger the packages the more desirable the two-rail 
system became. (3) All transfers were accomplished satisfactorily by a 
single subject but use of a two-subject team reduced the level of effort 
considerably. Subjects' comments indicated that the reduction in effort 
was significantly greater than the factor of two which could be expected. 
Team tests were conducted only on packages of more than 30 slugs and 
thus the advantages or perhaps disadvantages of team efforts on smaller 
packages is not known, (k) All transfers were accomplished at average 
velocities less than 0.7 ffcs. The average velocities ranged from 0.7 fps 
for the smallest package to about 0.3 fps for the 50-slug package. This 
is reported only as a point of interest . Since speed of transfer was not 
a study parameter and, in fact, subjects were requested to move at a 
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FIGURE 9. 


speed that felt comfortable and which insured complete control of the 
package. The low speeds do Indicate, however, that drag effects 
encountered should be minimal. 

CONCLUDING REMARKS 

Preliminary results obtained in tRC cargo handling studies indicate 
that manual cargo transfer , in an IV A mode, can be easily accomplished 
for packages of 50 slugs or more. This appears to preclude the require- 
ment for automated systems for cargo transfer. However, considerations 
of practical limitations related to the shuttle configuration and time 
constraints are necessary before final decision is made. 

LRC's studies to determine the effect of practical considerations 
are planned and will in the next few months provide answers to assist in 
the decision on automated systems. In addition, they will show the 
problems and limits associated with cargo transfer in a pressure suit 
and evaluate cargo stowage and attachment problems. 
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SUBSYSTEM TRADEOFF 

ENVIRONMENTAL CONTROL AND LIFE SUREORT 

FOR 

ORBITER PHASE B CONTRACTOR 

John Jasin (McDonnell Douglas) 
Ronald Augusti (Hamilton Standard) 


A description of an Environmental Control and Life Support (ECLS) subsystem 
for the Space Shuttle Orbiter will be presented. 

Included in the description is the approach to subsystem, evaluation, candi- 
dates chosen for review and candidates selected for integration into the 
vehicle design. Those areas within the ECLS which require advances in 
technology or new technology have also been identified. The selected con- 
figuration is consistent with overall program goals of maximum performance 
and value with a minimutn of development and cost. 




INTRODUCTION 


The Environmental Control and Life Support (ECLS) subsystem in the 
orblter provides a habitable environment for crew and equipment in the 
hostility of space. The ECLS must provide for the functions of: 

Shirtsleeve Environment 

- Water Management 

" Atmosphere Gas Supply 

- Atmosphere Revitalization 

- Waste Management 

- Equipment Thermal Control 


A block diagram of the subsystem is shown on Figure 1. The ECLS is 
active during the. mission phases of launch* ascent* on-orbit, entry and 
landing, and supports two pilots and two cargo handlers. Ground Support 

Equipment (GSE) is utilized during prelaunch, launch and post landing 
activity. ® 

The four man capacity allows for a wide latitude of mission capa- 
bility ranging from seven days to thirty days. ECLS extended mission 
capability is achieved by the addition of modular equipment that is the 
same as the equipment provided in the orbiter. Provisions for this 
equipment addition are provided in the initial subsystem design. 
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REQUIREMENTS 


Major requirements affecting ECLS design and the parameter value 
used In our approach are summarized in Table 1. 

Subsystem cost is a major factor in the selection of a design. As 
an overall requirement, the candidates for evaluation have to be cost 
effective in addition to meeting performance requirements. 


SUBSYSTEM DESCRIPTION 

me A de ' s J^P tion of the candidates selected for study for each of the 
ECLS assemblies is presented herein. The candidates are compared by uslni 
a set of selection criteria. The criteria are divided into ihree-groups- 
absolute, quantitative, and qualitative. All candidates must meet the 
absolute criteria of performance, safety, reliability and availability or 
they are eliminated from further consideration. The quantitative criteria 
aie related to cost and include weight, power consumption and expendables. 
Qualitative criteria are composed of complexity, flexibility, maintain- 
ability, and life. 

Some of the approaches, being basically a tabulation of orcsent 
state-of-the-art, do not require formal evaluation. 

^ A t mosphe r ic Storage Assembly - Several potential candidates exist for 
atmospnenc storage. These- include subcritical, supercritical and high 
pressure gas. Further, combinations of storage supplies for separate sub- 
systems using the same media such as the hydrogen/oxygen fuel cell also 
exist. Table 2 presents the results of the nitrogen storage portion of 
atmosphere storage study, conducted to determine the optimum storage con- 
iguration. Two 3000 psia filament wound composite tanks are selected for 
nitrogen storage on the basis of safety and equivalent cost. Table 3 shows 
the study results of separate versus common oxygen storage and whether that 

Sh0uld 4 be cryogenic or gaseous. The system selected utilizes the 
Orbit Maneuvering System subcritical storage tank for supplying oxygen 
uring normal operation. In the event oxygen cannot be supplied to the 
ECLS, a 3000 psia tank of filament wound composite material construction 
Mil supply oxygen at normal use rates for a 48 hour period. 

Pressure Control Assembly - Cabin pressure and composition 
control Is maintained by a Sky lab type two-gas controller and tripley 
redundant pressure relief valves. The Sky lab controller Is chosen be- 
cause its developed and qualified status results in a lower orbiter ECLS 

COS t . 
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SELECTED BY SIMILARITY WITH 3B 


Total cabin pressure Is controlled by redundant absolute pressure 
regulators which can be manually selected for 10. 0 or 14.7 psla opera- 
tion. The multi-purpose range will support both Space Station rendezvous 
and potential EVA missions. The cabin pressure relief valves are also 
manually set for either 10.0 or 14.7 psla. These valves relieve cabin 
atmosphere overboard during launch and allow pressurization of the cabin 
during entry. 

Partial oxygen pressure Is maintained within prescribed limits and 
Is controlled by redundant p0 2 sensors and normally closed solenoid 
valves on the nitrogen supply inlet. 


Ventilation P rovis Ions « Three redundant fans in the air distri- 
bution system provide ventilation. Air Is drawn Into the cabin air 
loop, through the carbon dioxide processing unit, conditioned for both 
humidity and temperature, and then returned to the cabin. The process 
flows for four men which are required for suitable, humidity and C0 2 
control are also adequate for cabin ventilation thus negating the need 
for multiple eabin fan installations. 

Carbon Dioxide Removal & Humidity Control Assembly - Several 
approaches to carbon dioxide and humidity control are available for use. 
Those considered during the CO^/humldity control study for orbiter 
application are: 

Lithium Hydroxide and Condenser 

- Lithium Hydroxide and Desiccant 

- Molecular Sieve and Condenser 

- Molecular Sieve and Desiccant 

- Solid Amine 

Table 4 presents a summary of the trade-off results. Lithium 
hydroxide, in conjunction with a condensing heat exchanger, is selected 
for orbiter application. Each cartridge contains four man days worth 
of LiOH and activated charcoal and is replaced on a prescribed basis. 

The area of C0 ? and humidity control may be considered for advance- 
ment in control techniques. Although a L10H and condenser assembly is 
adequate and is chosen on the basis of cost through first flight, a more 
flexible system could be achieved with solid amine or desiccant. These 
approaches become attractive if multiple crew and varying mission dura- 
tion mixes are considered. 


9 v 


C(>2 AND HUMIDITY CONTROL SUBSYSTEM 

COMPARISON 


SUBSYSTEMS 


LiOH/CONDENSER 


LiOH/DESICCANT 


MOLECULAR SIEVE/CONDENSER 


MOLECULAR SIEVE/DESICCANT 


HS-B 






RANKED 1 TO 5, LOWEST TO HIGHEST 


WEIGHT 




COST 




XE.fl cc . Fantaml nan t - Control of contaminants in achieved in the 
orblter by moans of cabin leakage and activated charcoal. A cabin 
leakage ot 3.5 pounds per day will control most of the trace gases. 
Activated charcoal is used to remove the larger molecules of organic 
contaminants. Activated charcoal is chosen on the basis of Gemini, 

Apollo and LM experience. 

H eat Tra nspo rt Assembly ~ Redundant water loops within the crew 
compartment and redundant Freon 21 coolant loops external to the crew 
compartment provide thermal control for crew and equipment. Heat 
generated within the crew compartment by the crew, U0H/C0 2 reaction, 
avionics and other equipment, and radiation to the cabin wall is picked 
up by circulating water loops and transferred via interface heat ex- 
changers to the equipment loops. The equipment loops, in addition to 
removing heat from the cabin, provide thermal control for the avionics 
equipment, fuel cells, and the landing gear wheel wells. Heat is removed 
from the equipment loops by the space radiator during the orbital mission 
phase. During the ascent and entry phases heat is removed by redundant 
cryogenic hydrogen heat exchangers. Hydrogen is chosen for Its availa- 
bility throughout the mlssicn phases and Its cooling efficiency, as 
shown in Figure 2. 

Each of the redundant crew compartment loops has two pumps for 
circulating the water through the condensing and cabin heat exchangers for 
removal of moisture and temperature control of the atmosphere, and through 
cold plates and cold rails for heat removal from the avionics equipment 
located within the compartment. Two pumps are provided in each of the 
redundant equipment loops. One pump operation is necessary to provide 
cooling for normal orbital heat loads. For the higher heat loads encoun- 
tered during ascent, entry and short orbital periods, two pumps are 

required. Two pumps in one loop or one pump in each loop provide the 
necessary cooling. 

The cryogenic hydrogen heat exchanger is a potential candidate for 
early development. This approach is a key element in the thermal control 
portion of the subsystem design. Investigation is required in che areas 
of control, sizing and atmospheric operation. 

or Assembly - The radiator is a deployable panel which is 
stowed under the cargo bay door during launch and entry. In orbit, the 
cargo bay door is opened, the radiator is deployed, and the cargo bay door 
is closed. Prior to entry, the procedure is reversed. The radiator is 
constructed of aluminum with a low a/e coating to effect radiation from 
both sides of the panel. The two dimensional tube pattern, combined with 
a bypass stagnation heat load control, provides a wide heat load lange. 
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Environmental Control and Life Support Comparison 
of Cooling Approaches 
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~~ - e - r Management - Included in water management are storage and dump- 
ing of fuel cell product water, provision of drinking water and the bac- 
teriological control of the subsystem. The storage tanks are sized to 
preclude overboard dumping in the vicinity of the Space Station. Auto- 
matic operation is provided with the capability of manual override. 

both pasteurization and chemical addition are being considered for 
bacteriological control pending the outcome of detail design. The Skylab 
water system design and monitoring approach are available for adaptation 

tl ! °r bU ? r \ uses an iodine injection system in conjunction 

with a tesL solution which determines an adequate iodine content. 

, Ha . !? e . Mnajgn^n t A ssembly - The waste management assembly provides 
or eces, urine and small trash collection, processing and storage. The 
major concern in waste management design is the area of crew acceptability. 
Existing waste collection systems, either in the concept or breadboard 
stage, are of cwo types. These are integrated vacuum drying and manual 
transfer with vacuum drying. Of the two, the integrated vacuum drying 
approach is more acceptable from a crew acceptability standpoint. Since 
the orbiter does not presently have a requirement for medical monitoring, 
ag co ection with manual transfer and drying is not warranted. The 
system selected for integration into the orbiter is similar to that used 
on the Space Station Prototype (SSP) . In that system, feces and solid 
waste are collected, vacuum dried and stored in one container. Additional 
6 rec l ui red in the development of waste management system determin- 

ing the impact of both sexes in the crew and passenger contingent. 

Fire Extinguishing - Portable fire extinguishers are provided in 
the crew and passenger area. Some developmental work Is required to verify 
use in zero "g". The-units contain 2-5 pounds of carbon dioxide In accord- 
ance with the standard on aircraft hand fire extinguishers. A design margin 

Ira rr ° V a ded ln the lithiuln hydroxide in the event a unit is discharged. The 
PC0 2 indicator provides visual indication to the crew as a safe pco! level 
is achieved. Oxygen masks are worn during this period which is less than 
five hours Additionally, the capability^ purge the cabin wUhnitrogen 
is available. Nonflammable materials aie used throughout the crew and 8 
passenger area to minimise the risk of fire. 


DESIGN APPROACH 


Aircraft philosophies and practices are applied to the arbiter ECLS 
design which result In a subsystem that meets the Space Shuttle maintain- 
ability requirements of short turnaround, ease of refurbishment and main- 
tenance, including unscheduled maintenance. A minimum cost subsystem with 
maximum flexibility of design is achieved through commonality of high cost 

equipment. Potential ECLS arbiter and booster candidates for commonality 
include ; ' 


- Cabin Pressure Relief Valves 

“ Booster Air Tank and Orb iter Emergency Oxygen Tank 

- Cryogenic Heat Exchangers 

- Cooling Umbilicals 

- Crew Equipment 

The capability of extravehicular activity, although not directly 
provided in the orbiter design, was considered to the extent that it can 
be included in future program requirement s . 

Subsystem flexibility is provided in the form of d*?— on equipment 
which results in the capability to extend the orbiter mission duration. 


CONCLUSIONS 

The Environmental Control and Life Support subsystem provided for the 
Space Shuttle Orbiter satisfies the program goal of maximum performance and 
value, with a minimum of development and cost. This achievement is attained 
primarily in two ways, the first being maximum use of existing spacecraft 
components that meet the exacting requirements of a reusable Space Shuttle 
vehicle, and secondary, utilizing common or similar components and assemblies 
in the orbiter and booster to minimize program development costs* 


The orbiter ECLS design definition has identified some areas requiring 
new or advancements in development. These are primarily in the fields of 
composite materials for pressure vessels, regenerative sorbents for humidity 
control, cryogenic heat exchange and its associated control, waste manage- 
ment and the impact of both sexes on crew make-up, and finally, spacecraft 
tire extinguishers for 1 "g" and zero M g" application. None of the above 
areas, nor the subsystem defined for the Space Shuttle orbiter, require 
major advances in technology along with their associated costs. Pursuit 
of the design definition described above will result in a viable system for 
the Space Shuttle Program. 



PRECEDING 


PACE BUNS not 


FILMED 


PRELIMINARY RESULTS OF SPACE SHUTTLE EC/LSS STUDIES 


Leawood G. Clark and Robert S. Osborne 

NASA Langley Research Center 
Hampton, Virginia 


Anh 3S'J ? t 


INTRODUCTION 


The purpose of this paper is to indicate overall status of the 
Langley Research Center program on space shuttle environmental control/ 
life support systems (EC/LSS), present preliminary results of studies 
being conducted, and provide a current assessment of technology 
advancements required. 
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LRC Program Status 


Primary elements of the program currently consist of two contracted 
EC/LS systems studies and design of a flight trace contaminant sensor 
system. Other Langley research activities not supported directly by 
shuttle funding also have application to shuttle life support problems 
and will be identified later. 

The Hamilton Standard effort includes conducting subsystem trade- 
off studies, assembling a conceptual system, and identifying pacing 
technology for shuttle orbiter EC/LS. It is about 50 percent complete 
and, as noted by the recent milestone, a midterm progress report has 
been published. 

Lockheed is concentrating on four orbiter EC/LSS problems: cargo 

module system concepts, shuttle/space station interfaces, integrated 
cabin thermal control for all mission phases, and subsystem reusability. 
This contract has been underway for only about three months and results 
are limited. 

The design phase of the contractual effort to develop a multi-gas 
trace contaminant sensor system will be initiated shortly. 




PERKIN ELMER CORP. 


COg, Humidity, and Thermal Control 


Much of* Hamilton Standard’s effort to date has involved subsystem 
trade-off studies. The most extensive of these studies is in the area 
of COg, humidity, and thermal control. In this case candidate concepts 
which Include all of these EC/LS functions are being evaluated since 
most CO 2 removal methods also control or affect humidity and have an 
Impact on the cabin, temperature control system. One aspect of this 
evaluation is show in the figure where the total equivalent weight 
(includes hardware weight, power and heat rejection penalties* expend- 
ables, etc. ) of a number of concepts varies with mission duration. 

These calculations include consideration cf a typical heat rejection 
system for a nominal heat load (includes metabolic, avionic, wall, and 
fuel cell loads). The increase in weight with time reflects ullage 
losses, bakeout requirements, and expendables although some additional 
penalty is incurred for operation beyond the 7-day design point for 
some of the concepts. 

Systems considered include lithium hydroxide, molecular sieve, and 
Ho depolarized concepts, each with either condensing heat exchangers or 
desiccants, and a solid amine concept which collects both CO 2 and water 
vapor and is regenerated by vacuum desorption. The figure indicates 
that the solid amine concept is the lightest system for missions longer 
than about 4 days. Other factors, however, ranging from safety to cost 
to maintainability must be considered in the selection process. For 
example, during the reentry and ferry mission phases, only the LiOH/ 
condenser and the H 2 depolarized/condenser concepts actively control 
COo and humidity, while the other concepts must rely on either cabin 
transients or auxiliary equipment. Additionally, the LiOH/condenser 
concept is developed and proven with the added advantage of fewer parts 
and lower initial cost. On a cost -through-first-flight basis, the 
expendable LiOH/condenser concept would be chosen; however, on a total- 
program (10 years) cost basis, the regenerable solid amine system would 
be chosen. 
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COg, HUMIDITY. AND THERMAL CONTROL 
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nominal heat load • 50, 360 BTU /hrvv^x 
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Waste Management 
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Technology Recommendations 
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Ae noted, previously, one of the primary objectives of the Hamilton 
Standard EC/LS systems study Is to Identify pacing technology Items. 

The figure indicates a technology forecast of Items that have been Iden- 
tified as warranting further development In order to provide improved 
flexibility for achieving a low-cost, technically optimised shuttle 
EC/LSS. Subsystem trade-off studies have been conducted in five areas 
and same it- pacing technology items identified. These conclusions are, 
however, tentative and are subject to change as the study progresses 
and the total EC/LSS is defined and optimised. One change has already 
been made in that the selected humidity control water separator is now 
an elbow separator configuration instead of the wick separator indicated. 

One item of special interest is the need for a realistic shuttle 
erbiter contaminant model, Giuronc models are based on space station 
technology and do not generally consider the great variety of possible 
shuttle missions with the attendant variety of passengers, cargoes, 
and experiments. The reasons why ether specific items are listed are 
too lengthy to be discussed here, but are found in the interim progress 
report previously mentioned and will be covered in detail in the final 
report due to be published in September of this yew. It is interest- 
ing to not© that most, if not all, of these items are presently being 
pursued to some degree. NASA Langley, as a part of its advanced tech- 
nology program, is conducting and sponsoring applicable research and 
development in a number of these areas. For example, the trace contam- 
inant absorption capability of "Purafil," a potentially useful material, 
is being conducted under contract NASI -9506 with Texas Tech University, 
and in the water management area, breadboard water quality monitoring 
equipment is being produced under Contract NASl-10382 with Aerojet 
General. 
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Cryogenic Heat Exchangers 



Air Plow Urinal 0 


% 

\ 


The waste management subsystem for the shuttle requires a number 
of technological advances to improve crew/passenger acceptability. The 
Hamilton Standard artist’s concept shown illustrates a new, more 
conventional, height adjustable, wall-mounted urinal which eliminates 
body contact with the urine collection device. An air stream within 
the collector facilitates urine collection and delivery to the separa- 
tion system. Appropriate filters are used for odor and bacteria con- 
trol of the air and a water flush is incorporated within the urinal. 

The requirement for urine collection tanks will depend upon overboard 
dumping limitations. 





Split -Flow Coinmode Concept 


; rhe waste management subsystem for the shuttle should aeeommodato 
both males and females and be as conventional and earthlike as possible 
for crew/ passenger acceptance and convenience. The Hamilton Standard 
artist s concept shown illustrates a zero M g" commode concept for 
meeting shuttle requirements. Basically, the unit consists of an air 
flow urine collector (similar to that previously illustrated) inte- 
grated with a feces collector. The two collectors are separated by a 
deflector which is positioned down for male use and up for female use. 
bepai'ate collection of urine is desirable since it can be readily 
stored and/or disposed of to vacuum. Fecal collection is aided by air 
x’low into the unit where the feces sire shredded by a motor-driven 
alinger and then vacuum dried. As with the urinal, appropriate filters 
are used for odor and bacteria control* 




Cargo Module EC/LSS 


... has used system cost as a "basis for selecting 

the best type of EC/LSS for the shuttle payload or cargo module. The 

^ w ^f J? a !? d on 811 assumed 13 -year traffic model recently generated 

by the NASA. Space Station Task Force. As shown, the model includes 93 
i lights wherein passengers are located within the module. Another 
assumption was that a four-man, 7-day EC/LS wovud be used for the forward 
crew compartment of the orbiter, and that development costs for that unit 
are covered in the basic shuttle development cost. 

. „ a % atomize * 2m ' 6m > 8X1(1 12 - man systems were considered and compared 
1 various combinations with single or multiple four-man units to fulfill 

thf? r ^ nil i Vi . dUa i mshts * Results of this cost-effectiveness 
stuay show that the basic four-man EO/lSS modularized for payload aspli- 

cation is the optimum approach. Other parameters such as flight fre- 
quency and scheduling, mission length, and system weight and volume will 
be considered later during the course of the contract in order to pro- 
vide a complete analysis. * 



^argo Module .SC/LSS Cost Comparison 
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CARGO MODULE 
EC/ IS 5 COST COMPARISON 





I 



Unit \ Costs 

Transportation To Orbit [ 


Shuttle/gpaee Station EC/LSS Interfaces 


Work by Lockheed in this area has been very limited to date. The 
chart makes on;ty two points. First, early in the space station mission, 
if the station EC/LSS is designed for 12 men and only 6 are onboard, the 
station system con accommodate the shuttle orblter relief crew of six 
men. However, after the station crew has grown to 12 men, presence of 
the six -man shuttle transfer crew will result in an l8-man load on the 
station EC/LSS for as long as 5 days. The problem will be even more 
severe for a 12-man transfer. The station EC/LSS will then require 
either support from the shuttle system or an overdesign capability from 
the station system itself. The other point is that, for reasons of crew 
safety, the shuttle must be maintained ready to leave the station under 
emergency conditions at any time while docked. 


Integrated Thermal Control 


Only a limited effort has been conducted to date to define a cabin 
or internal thermal control system for shuttle orbiter launch, on orbit, 
reentry, cruise, landing, and ferry mission phases. Early results 
indicate onboard fuels can be used as heat sinks and provide advantages 
for the reentry, cruise, and ferry phases. 

It would also be desirable for several reasons (reentry heating 
and cargo door operations, for example) to offer an alternative to the 
customary practice of rejecting heat to space from a radiator located 
on the inside of the shuttle cargo doors. An attractive concept for 
this purpose is the cryhocycle system. Hie cryhocycle ha,s been proposed 
by both Lockheed and Grumman and consists of collecting waste cabin heat 
and utilizing it in a turbine generator to produce electrical power. 
Hydrogen is used as the working fluid. Theoretically, such a system 
would eliminate the need for fuel cell power systems as well as radiators 
for heat rejection. A disadvantage would be losing the availability of 
fuel cell water to meet crew and passenger needs. 



esuRs * use H 2 as heal sink for reentry, ferry 
- "Cryhocyele" promising 


KC/L33 Reusability 


Lockheed has conducted a survey of maintenance practices of TWA. 
united, and Eastern Airlines to determine applications to shuttle EC/L3S 
q,uick turn-around and reusability. Onboard aircraft system monitoring 
methods used include AIDS (Aircraft Integrated Data System), ADAS 
(.“.utomatic Data Acquisition System), and MADAR (Malfunction, Analysis. 
Detection, and Repair). This kind of data acquisition is recommended 
on the shuttle by including EC/LSS fault isolation data. Also, critical 
parameters such as those for aircraft engines are monitored continuously 
by the airlines and trend data are analysed for corrective action by 
ground facilities. For the shuttle, EC/LSS parameter trend data should 
bo Included in the system. 

The airlines schedule maintenance on a nonflight interference basis 
mid will not delay flights to repair minor items. They also perform 
repairs and overhauls on the basis of failures rather than time in ser- 
vice. They have found that replacement on a time schedule does not pre- 
clude failures, especially since most difficulties occur near the 
beginning of the operational life of a component. Another practice is 
to remove and replace a failed unit rather than try to repair it on the 
aircraft. If a problem cannot be isolated, all suspected components are 
removed and replaced. All this maintenance philosophy is recommended 
for application to the shuttle. 


In addition, airline experience has shown that actual operating 
hours of equipment such as that used for EC/LSS are high. In some cases, 
component life is of the same magnitude or greater than the operating 
life 01 the shuttle itself* This enhances the confidence level of 
reliability to be expected for the shuttle. 
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Temp, controls 10,000 

Compressors 3.000 


F light Trace Contaminant Sensor oyutem 


IT.ls development program is Intended to furnish a flight -qualif iable 
sensor which will he capable of identifying and quantifying contaminants 
present in a closed atmosphere. This essentially self-contained 
analytical system is applicable to the monitoring of a broad spectrum of 
gaseous organic and inorganic compounds having molecular weights of up 
to^mass l'rO. The hybrid sensor consists of two main units: an accumu- 

lator cell inlet system and a mass spectrometer analyzer system. 

Hie accumulator cell inlet system consists of from one to three 
gas/vapor sorption units. Each cell contains a given amount of a 
particular sorbent which is capable of quantitatively adsorbing the low 
level atmospheric contaminant ( s ) from an air stream passing through the 
cell. It effectively concentrates the adsorbed compound(s) to a level 
that permits quantitative evaluation. When the adsorption cycle is 
complete, the residual cabin atmosphere is removed from the cell and 
the contaminants are desorbed by the application of heat to the cells. 

The gases leave the cell and enter the mass spectrometer by means of 
the inlet leak between the cell and the mass spectrometer. The exact 
number of cells employed for a given operation will depend upon the 
degree of analytical monitoring desired. 


The mass spectrometer anticipated for use is the Nier-Johnson 
double focusing mass spectrometer. This instrument uses a 90° electric 
and a 90 ° magnetic sector and is presently near optimum in terms of 
flight design. 


FLIGHT TRACE CONTAMINANT SENSOR SYSTEM 



M/e 106 






C oncluding Remarks 


* 


The shuttle mission is a relatively short one, normally 7 days, 
and generally an open-cyele or expendable environmental control /life 
support system can be used. The technology for such a system is avail- 
able from a combination of Apollo spacecraft and aircraft hardware. 


However, while such a system might be satisfactory for very early 
shuttle flights, certainly a more sophisticated system should be pursued 
for the large . bulk of the routine operational flights. It is here that 
improvements in technology can result in reduced costs, reduced weight, 
simpler systems, and increased passenger acceptability. 


A solid amine system for removal of carbon dioxide and humidity 
control, for example, can save weight and ultimately reduce costs as 
compared to the lithium hydroxide/condensing heat exchanger combination, 
[he eryhocycle thermal control concept, if developed and utilized, could 
replace the troublesome heat rejection radiator as well as the fuel 
vcl.h, 1 equired. for electric power and result in a simpler, more reliable, 
and possilxly lighter weight system. And certainly the development of 
more earthlike male and female urine and feces collection devices would 
result in the increased passenger acceptability which will be necessary 
11 the shuttle is to become part of a routine and widely utilized 
space transportation system. 
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DEVELOPMENT OF A BLADDERLESS TANK 
FOR SPACE SHUTTLE 


Clauss Feindler 

Grumman Aerospace Corporation . — -5 , 


INTRODUCTION 


Requirements for water management for the Space Shuttle are largely undefined, and 
only the basic metabolic requirement— 3 Ib/man-day— can be assumed. Water to meet 
this and other requirements may either be stored or be available from the fuel cells if 
these are selected as the electrical power supply. Even in the latter case,, some water 
storage will be required for transition periods, as a backup in case of temporary fuel cell 
failure, and for marginal cooling. 

The degree of purity and potabil ity of stored water can vary according to its use. It 
seems that all drinking water must be sterile in accordance with NASA/MSC Speci- 

Heat on SD-200 . The water quality required for other uses, such as body washing and 
toilet flushing, are undefined. 


In any case, the bacterial content of stored water must be controlled. The ease of 
bacterial control depends in part upon the characteristics of the tank in which the water 
ts stored. the tank can be rendered sterile before use, the stored water can be kept 
sterile much more easily. Then the tank itself must contribute to— or at least not detract 
from— the effectiveness of bactericidal measures employed to maintain water quality dur- 
ing Space Shuttle operation. In addition, the tank should be amenable to accurate mea- 
surement of water quality. 


The potable-water technology used in the Lunar Module was first reviewed in the 
light of these requirements. The LM bladder-type tanks were adequate for that vehicle, 
but it seemed to us that bellows tanks offer greater possibilities in satisfying the long- 
term requirements of the Space Shuttle program. This paper summarizes the results of 
our studies and the present state of development of bellows-type tanks for long-term 
potable water storage. 
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COMPARISON OF OPERATIONAL FEATURES: BLADDER TANK VS BELLOWS TANK 
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:ached to the upper endplate. 
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BELLOWS TANK - MICROBIOLOGICAL TEST OBJECTIVES 
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BELLOWS TANK - STERILIZATION CONF 














BELLOWS TANK SUMMARY OF MICROBIOLOGICAL TEST RESULTS 
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